Objective: Hemorrhage during embolization of dural arteriovenous fistula (DAVF) is a rare but devastating complication.
Introduction
Dural arteriovenous fistula (DAVF) has been estimated to account for less than 10% of all cerebral vascular malformations. 1 Endovascular therapy is currently considered by many as the first-line treatment for ruptured or high-grade DAVFs. 2 Endovascular intervention may be performed transarterially or via the venous route. Hemorrhage during embolization is a rare complication, but it is not adequately reported.
We herein report a case of a patient with DAVF who was admitted to our institution. The patient underwent endovascular embolization and developed de novo aneurysms of a feeder artery. The aneurysm ruptured and hemorrhaged because of the hemodynamic change during the second embolization of the DAVF.
Case description
A 35-year-old patient was admitted to our institution with bruit and dizziness for two years. Examination showed intact neurological function. The patient had no history of trauma, smoking, or family history of vascular diseases. Axial computed tomography (CT) scan showed a high-density lesion in the left occipital lobe (Figure 1(a) ). Magnetic resonance imaging (MRI) showed a vascular malformation in the left lateral sinus (Figure 1(b) ). The cerebral angiogram performed in our institution showed DAVF in the left transverse sinus (Figure 1(c)-(g) ). The feeder arteries were the left middle meningeal artery, left ascending pharyngeal artery branches, left middle cerebral artery branches, left posterior cerebral artery branches, bilateral occipital artery, bilateral posterior meningeal arteries, and right meningohypophyseal trunk branches. The fistula drained directly into the cortical vein with varices and cortical venous reflex. The DAVF was classified as Borden type III and Cognard type IV. Five days later, the patient underwent embolization with Onyx (EV3, Irvine, CA, USA) via the parietal branch of the left middle meningeal artery under single-plane digital angiography suite (Integris Philips Medical Systems, Best, Netherlands). The fistula was partially occluded by only one route, and the other route was not tried (Figure 1(h) ). The volume of Onyx injected was 1.2 and 13 ml of Onyx 34 and Onyx 18, respectively (Figure 1(i) ). The patient was discharged at postoperative day 3 with the bruit relieved. After six months, the patient was admitted again to our institution for imaging follow-up. The cerebral angiogram showed that the fistula was partially occluded and cortical venous reflux still existed, but two de novo aneurysms were identified in the feeder artery of the DAVF, which was located in one of the two parietal branches of the left middle meningeal artery; the other branch that had been the route for the first embolization was occluded and disappeared in the angiography of the left external carotid artery (ECA) (Figure 2(a) ). Because the bruit still existed and two de novo aneurysms formed, a second embolization was considered. The embolization plan was to occlude the fistula first, then embolize the aneurysms by Onyx with one microcatheter via the parietal branch of the left meningeal artery. In the operation, the microcatheter was navigated into the fistula by the prepared route safely under roadmap, and the location of the microcatheter tip was good, as shown by superselective angiography (Figure 2(b) ). The aneurysm was unruptured before embolization, as shown by angiography of the left ECA injection in the lateral view (Figure 2(c) ). The blood pressure was stable at the beginning of the course of injecting Onyx. However, after injection of 14 ml Onyx 18, the vital signs showed serious fluctuation. Cerebral angiogram showed that one of the de novo aneurysms ruptured (Figure 2(d) ), then the parent artery was immediately occluded by Onyx 18 (Figure 2(e) ). CT showed subdural hematoma with midline shift of more than 1 cm immediately after the operation (Figure 2(f) ). The patient had signs of cerebral hernia, and surgical exploration was performed emergently. Surgical exploration demonstrated a subdual hematoma and Onyx; the hemorrhage came from rupture of the aneurysm of the middle meningeal artery. Although the hematoma was evacuated, the patient died at postoperative day 10 of heart and respiratory failure.
Discussion
DAVF is defined as abnormal connections between an arterial feeder and a dural venous sinus or leptomeningeal vein with the nidus located within the dural leaflets. They comprise < 10% of all intracranial vascular malformations. DAVF is uniquely suited for endovascular treatment. 2 Transarterial embolization is technically simple, will not likely result in curative angiographic elimination, and is associated with a high recanalization rate.
2 Transvenous embolization has recently been shown to be effective and generally safe. 2 However, hemorrhagic complications infrequently occur in any route of embolization.
Several reports have described the complications of embolization, but they tend to be case reports or descriptions of a limited number of complications.
Piippo and Niemela¨3 reported one endovascular case due to venous outflow occlusion that resulted in severe, uncontrollable brain swelling and bleeding. Gonzalez et al. 4 described a case of progressive thrombosis after endovascular occlusion of a DAVF. Lee et al. 5 reported that partial obliteration of the drainage pathways resulted in cerebellar edema and hemorrhage due to high intracavernous sinus pressure and residual dangerous cortical venous drainage. De Carvalho et al. 6 reported one case of intraventricular hemorrhage after dural fistula embolization due to occlusion of its venous drainage. Similar cases of complications have been reported in the literature. 7 However, all these cases were related to venous hemorrhage, whereas our case was arterial hemorrhage. It is the first description of a middle meningeal artery aneurysm rupture leading to major subdural hematoma and death.
We described herein a rare case of de novo aneurysm formation of a feeder artery of a DAVF six months after the first embolization, as proven by cerebral angiogram. For intracranial aneurysm not related to the meningeal artery, the annual rate for de novo aneurysm is up to 2.6% among pediatric patients, whereas the rate is 1.8% to 4% among adults. 8 How cerebral aneurysm arises is unclear. Many factors are likely involved in the development of cerebral aneurysm, with inborn fragility of the arterial walls and their atherosclerotic generation, higher shear stress, and smoking being cited in the literature as risk factors of de novo aneurysm formation. 8, 9 However, in our case, the aneurysm was located in the meningeal artery, and the patient had no history of smoking or other related diseases or family history of cerebral vascular diseases. We believe that it could be mainly related to hemodynamic change after embolization 10 because after the complete occlusion of one main feeder artery for partial embolization of the DAVF, the flow and pressure in the other feeder arteries may increase. Meanwhile, the wall of the feeder artery may have a developmental abnormality. Furthermore, hemorrhage may also be related to the rupture of the pial feeding vessels 11, 12 because there is a clear contribution of pial arteries both from the posterior cerebral and middle cerebral arteries with aneurysmal ectasias visible on the feeding branches. This situation is more and more considered as a situation at risk for hemorrhagic complication from these branches once the venous outflow is occluded by way of a sudden rise in the pressure inside these feeders. On the other hand, extravasation from the middle meningeal aneurysm probably occurred during the catheterization.
In our case, two de novo aneurysms formed and developed in the same feeder artery merely six months after the first embolization, which are at high risk for aneurysm rupture and should be closely considered preoperatively. Although we planned to embolize the aneurysms following occlusion of the DAVF, we did not realize the high risks of rupture during embolization of the DAVF because of hemodynamic change. If the aneurysms were first embolized with coils or combined with Onyx by two microcatheters, the disaster could have been averted.
Conclusions
De novo aneurysm of a feeder artery may form and rupture after embolization of DAVF because of hemodynamic change. Hence, with such high risk of rupture, de novo aneurysms of an intracranial feeder artery should be carefully considered in embolization of a DAVF.
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